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RESEARCH MEMORANDUM 

STATISTICAL MEASUREMENTS OF LANDING-CONTACT CONDITIONS 
OF A HEAVY BOMBER 

By Norman S. Silsby and Ezlaslav N. Harrln 

SUMMARY 


Statistical measurements of landing-contact conditions have been 
obtained for li+i|- landings of a heavy bomber airplane during routine 
daytime operations at Carswell Air Force Base, Fort Worth, Texas. From 
these measurements obtained by a special photographic method, sinking 
speeds, bank angles, rolling velocities, and horizontal speeds at the 
instant before contact have been evaluated and a limited statistical 
analysis of the results has been made. 

The analysis indicates that a sinking speed of about 7 feet per 

second, a bank angle of about a rolling velocity of about 3° per 

second in the direction of the first wheel to touch or an airspeed at 
contact of about 50 percent above the stall will be equaled or exceeded 
once on the average in 1,000 landings. 


INTRODUCTION 


In order to aid in the development of more rational landing-lbads 
design requirements and procedures, the National Advisory Committee for 
Aeronautics has, for the past two years, been conducting a project to 
obtain statistical measiirements of landing-contact conditions for vsir- 
lous types of airplanes during routine daytime operations. Results for 
i *-78 landings of present-day transport airplanes are reported in 
reference 1. 

As a continuation of the project to obtain similar results for 
other types of airplanes, including larger and heavier aircraft, rec- 
ords have been obtained for l^ij- landings of a heavy bomber airplane 
during routine operational landings at Carswell Air Force Base, Fort 
Worth, Texas, during May and June 195^- Sinking speeds, horizontal 
speeds, bank angles, and rolling velocities have been evaluated from 
the records and a limited statistical analysis of the results has been 
made. 
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APPARATUS AND METHOD 


The measurements were made from 35-iJii3J.imeter photographic records 
of the landings obtained according to a method described in reference 2 . 

The equipment consists essentially of a constant -speed 35-niilllJiieter 
motion-picture camera fitted with a telephoto lens of 40-inch focal 
length supported on a vertical shaft which provides for tracking the 
airplane only in azimuth. The J<-0-inch-focal -length lens permits setting 
up the camera at about 1,000 feet from the* runway so that it offers no 
obstruction to aircraft on the airport proper. Photographs of li)-l|- landings 
of the bomber were suitable for evaliiation. General specification data 
for the aiip)lane are given in table I. Further details of the method 
\ased to obtain the data and details of the reduction of the data with 
formulas used to obtain the landing-contact conditions of sinking speed, 
horizontal speed, bank angle, and rolling velocity can be obtained from 
references 1 and 2. Because of the appreciable slope of the ninway, 
the sinking speed as evaluated by the method of reference 1 was corrected 
in accordance with the relation 


AW =. 


where 

AVy increment of sinking speed, ft/sec 

% horizontal velocity of airplane, ft/sec 

a slope of runway, deg (positive with height of nnway increasing 

in direction of landing aircraft) 

With this correction the sinking speeds are given as the velocity 
normal to the runway rather than as the actual vertical velocity. For 
landings at the north end of the main runway (both runways run north 
and south) where the runway slope was the greatest, the sinking-speed 
correction was of the order of 0.7 foot per second for a horizontal 
velocity of about 160 feet per second. 


Accumcy 


The accuracy in terms of probable error in the quantities deter- 
mined as a result of errors in film reading and the error introduced 
by neglecting the vertical acceleration is as follows: 
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Sinking speedy ft /sec iO.l 

Rolling velocity^ deg/sec il/4 

Bank angle, deg ±0.1 

Horizontal velocity, ft/sec . ±1-5 


For a more detailed account of sources of error and accuracy of the 
results, especially with regard to sinking speed, see reference 2 . 


Presentation of Results 

The values of sinking speed, forward speed, bank angle, and rolling 
velocity, and other pertinent data are listed in table II for each of 
the 1^4-4 landings. The landings were being made during the normal oper- 
ation of two different types of missions. One type consisted of single 
landings made by airplanes returning from extended (lO hours or more) 
missions, and the other type consisted of flights in which a series of 
4 to 10 practice landings were made by one airplane over a several hour 
period on the same day. These two types of landings suggest a logical 
separation into two separate groups for statistical analysis in order 
to determine a possible difference in the landing-contact conditions 
due to pilot fatigue after long missions. However, because of the 
small number of landings in each group (82 practice landings and 
62 landings terminating extended missions) it was believed to be 
impractical to isolate this effect. For the same reason it was believed 
impractical to isolate the effect of the gusty-wind condition, a factor 
which was found to have a significant effect on sinking speed, bank 
angle, and rolling velocity for the if 78 transport airplane landings 
reported in reference 1. Therefore, the 1^4-4 landings of the bomber are 
considered and analyzed as one category. The results are presented in 
terms of frequency distribution (fig. l) and probability c^xrves (fig. 2 ). 
The class intervals used in the various frequency distributions were 
0.5 foot per second for vertical velocity, 0.5^ tor bank angle, 0.5^ per 
second for rolling velocity, and 5 percent above stall for airspeed at 
contact. 

Probability data were arbitrarily faired by the Pearson type III 
probability curves determined in the manner described in reference 5 * 
Values of the statistical parameters (mean value, standard deviation cr, 
and coefficient of skewness a^) for sinking speed, bank angle, rolling 

velocity, and airspeed at contact, which were used in the determination 
of the probability curves, are listed in table III for the various con- 
ditions and groups considered. These curves (fig. 2), which fit the 
data reasonably well, provide a systematic fairing of the data, permit 
some extrapolation, and giye an indication of the magnitude of the 
various quantities likely to be attained in a greater number of landings 
than were actiially observed. It should be noted that values of the 



NA.CA RM L55E05 


k 


landing-contact conditions for the extended portions of the prohahility 
ciirves are probably nonconservative because of the possibility of 
emergency or other nonroutine landings. The data points shown on the 
probability curves represent cumulative frequencies for the same class 
Intervals that exist on the related frequency-distribution plots. 

Most of the values of sinking speed presented in this paper are 
for the airplane center of gravity and were determined by taking the 
average of the sinking speeds for the two main-gear wheels at the time 
of the first wheel to contact. However, in the photographs of some 
landings only the first wheel to contact coxald be seen during the time 
interval immediately prior to contact for which the data were obtainedj 
hence, only the sinking speed for this wheel was available. For such 
cases the sinking speeds were included with the rest of the data inas- 
much as the results of reference 1 on transports indicated that there 
was no significant statistical difference between the sinking speed of 
the center of gravity and the first wheel to contact. Res\zlts for bank 
angle and rolling velocity were limited to those landings in which both 
wheel images were visible on the film records (86 of the present 
l^t-^ landings). Both wheels were not visible in more landings because 
of the rather rapid rate at which the oblique spread of the wheels occurs 
(for camera angles away from the perpendicular to the runway) because of 
the large i<-5-foot gear tread of the heavy bomber. 

When an evaluation was made of the forward speed at landing con- 
tact as percent above the stalling speed, the weights of the airplanes 
were required for the determination of tlxe stalling speed. This 
information, however, was not available and hence the weights were 
estimated on the following basis. The operational engineering section 
at Carswell Air Force Base indicated that the mean wei^t at landing 
for the end of a long mission was of the order of 210,000 to 220,000 pounds 
(220,000 pounds was used in. the analysis herein for this group) and 
that the take-off weights of aircraft planning to practice landings was 
about 275^000 pounds. For this latter group of multiple landings, 

270,000 pounds was taken as the weight for the first landing, and 
succeeding landings were assumed to be 4,000 to 6,000 pounds less than 
the previous one, depending on the time between landings. The lowest 
weight assumed for any landing was about 210,000 poxmds and the total 
change in stalling speed for the range in wei^ts used was about 12 miles 
per hour. 

The airspeed at contact was determined as the sum of the measured 
horizontal speed (with respect to the ground) and the parallel component 
(in the direction of the runway) of wind velocity measxxred at the con- 
trol tower. 
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DISCUSSION 
Sinking Speed 


The frequency distribution of sinking speed (fig. 1(a)) shows that 
the greatest number of landings (52 out of 1^4-4 or 22.2 percent) occ\irred 
in the range from I .5 to 2.0 feet per second. The mean sinking speed 
for all 14^4- landings was 2.29 feet per second. The maximum sinking 
speed observed was 7*1 feet per second; the next lower value was 5*1 feet 
per second. 

The probability curve of sinking speed for all landings (fig. 2(a)) 
indicates that a sinking speed of 5^ feet per second will be equaled or 

exceeded once in about 100 landings; a sinking speed of 7 feet per sec- 
ond will probably be equaled or exceeded once in about 1,000 landings. 

For the transport airplanes (ref. l) , the sinking speeds that would be 
equaled or exceeded once in 100 and 1,000 landings were 5*5 feet per 
second and 4.3 feet per second, respectively. 


Bank Angle 

The frequency distribution of bank angles for the landings 
(fig. 1(b)) show that most of the landings were made at relatively 
small angles of bank; 70 percent of the landings were made at angles of 
bank of 1° or less. The mean bank angle was 0.77°^ ^^.o landing 

exceeded a bank angle of 3-6°. There was about equal distribution of 
bank angles to the right and left. The curve for the probability of 
equaling or exceeding given angles of bank for the 86 landings of the 
bomber for which this quantity was obtained (fig. 2(b)) indicates that 
an angle of bank of 3° will probably be equaled or exceeded once in 

1 1 o 

about 100 landings; 4^ will probably be equaled or exceeded once in 

about 1,000 landings. For the transport airplanes the comparable values 
of bank angle were 4.5° an<i 6.2°, respectively. The limitation of bank 
angle imposed by some part of the bomber airplane other than the landing 
gear contacting the ground first is about 11° (for the jet pods). It 
thus appears that the bank angles likely to be attained are substantially 
below that at which the jet pods will touch. 


Rolling Velocity 

The frequency distribution of rolling velocities indicates that 
they were divided about evenly for rolling either toward or away from 
the first wheel to touch (fig. 1(c)). However, the rolling velocities 


6 


MCA EM L 55 E 03 


averaged somewhat hl^er for rolling in the direction of first wheel 
to touch, the mean being 0.65° per second; for rolling away from the 
first wheel to touch, the mean was O.Jt6° per second. The maximum rolling 
velocity in the direction of first wheel to touch was 2.1° per second 
and away from the first wheel to touch was l.lf° per second. The prob- 
ability curves of rolling velocity (fig. 2(c)) were computed by con- 
sidering the group of rolling velocities in each direction as an entlly. 
Then the ordinates of the res^llting curves for rolling toward and away 
from the first wheel to touch were multiplied by 0.52 and 0.i|-8, respec- 
tively (relative percentages of occurrence of the two cases) to obtain 
the final cturves. (See fig. 2 (c).) 

The probability curves of rolling velocity indicate a greater 
probabili-ty of equaling or exceeding a given value for the bomber 
rolling in the direction of the first wheel to touch than for rolling 
away. Out of 1,000 landings the rolling velocities likely to be equaled 
or exceeded once are about 3 ° per second and 2 P per second for rolling 
toward or away, respectively, from the first wheel to touch; for the 
transport landings, the corresponding values are 5° per second - the 
same for either direction. 


Airspeed at Contact 

The frequency distribution of airspeeds at contact expressed as 
percentage above the stalling speed (fig. 1(d)) indicates that the 
greatest nuniber of landings (3^ out of iMl- or 23.6 percent) occurred 
in the range from 15 to 20 percent above the stall. The mean airspeed 
at contact was I8.7 percent above the stall, and the maximum was about 
40 percent above the stall. 

The probabiliiy curve of airspeed at contact indicates that 1 out 
of 100 landings will be made at a speed equal to or greater than i ^■0 per- 
cent above the stall; 1 out of 1,000 will equal or exceed 50 percent 
above the stall. For the transport airplanes the corresponding values 
of airspeed at contact were 50 percent above the stall for 1 out of 
100 landings and 60 percent above the stall for 1 out of 1,000 landings. 


GONCDJSIONS 


Results of the analysis of the landing contact conditions of 
l 44 landings of heavy bomber airplanes dxiring routine daytime opera- 
tions at Carswell Air Force Base have indicated the following: 
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1. The mean values of sinking speed, "bank angle, rolling velocity 
(toward the first wheel to touch), and airspeed at contact were, respec- 
tively, 2.29 feet per second, 0.77°^ 0.65° per second, and I8.7 percent 
above the stalling speed. 

2. A sinking speed of about 7 feet per second, a bank angle of 

about ^ rolling velocity of about 5° per second (toward the first 

wheel to touch) , or an airspeed at contact of about 50 percent above 
the stalling speed will probably be equaled or exceeded once in 
1,000 landings. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. , April 15^ 1955* 
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TABLE I 


GENERAL SPECIFICATIOR DATA FOR HEAVY BOMBER 


Maximum gross weight (depending on model), lb ... 557^000 to 410,000 


Wing area, sqt ft 4,772 

Maximum wing loading, Ib/sq. ft . 74.7 to 85.8 

Normal maximum permissible landing weight, lb 325,000 

Nominal landing weight, lb ............. 210,000 to 270,000 

Maximtua lift coefficient (landing condition) 2.00 
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TABLE II 

VAIUES OF COUTACT CONDITIONS AND OTHER 
PERTINENT DATA FOR LANDINGS 


Date 

of 

landing 

Time 

of 

landing 

Wind 

directior 

Wind 

velocity, 

mph 

Maxiarum 

gU 6 t 

velocity, 

ngjh 

Parallel 

wind 

component, 

n^h 

(a) 

CrosBVind 

component 

mph 

Slnkinf 

speed, 

fps 

Rolling 

velocity, 

deg/sec 

(b) 

Bank 

angle, 

deg 

(c) 

Forward 

ground 

speed, 

iiph 

Airspeed, 

mph 

May 19 

12 lf 5 

NNW 

7 



6.5 

2.7 

2.1 

- 0.4 

- 0.2 

121.7 

128.2 

May 19 

1529 

HNV 

5 

— 

If . 6 

1.9 

.8 

-.2 

.5 






5 

— 

If . 6 

1.9 

1.6 

-.2 

-.8 

Ba 

msm 

May 19 


NNW 

5 

— 

If . 6 

1.9 

2.9 

1.6 

“.9 

112.0 

116.6 

May 19 

Ilf 29 

NNW 

5 

— 

■B 

IHEI 

.9 

.5 

MB 

111.5 

115.9 



■■ 

5 

- 

■Bi 

IH9i 

\mm 

IIBIll 

— 

\BB 

IBH 



mm 

llQil 

- 

5.5 

2.3 

3.0 

-.2 

m 


IBB 



— 

HDIi 

— 

5.5 

2.3 

4.9 



liH 

■ai 



NNE 

8 

- 

bh 

3.1 

1.4 

.8 

HI 

ii^^m 

|B| 



NNE 

8 

— 

7.4 

3.1 

.9 

1.6 

-.2 





E 

10 

— 

0 

10.0 

im 

— 

— 


n^mmi 


Xk36 

ENE 

8 

— 

3.1 

7.4 

3.5 

— 

— 

125.0 




ENE 

8 

- 

3.1 


Bi 

-.2 

-.6 

131.0 

154.1 


IT 15 


12 

— 

4.6 

11.1 

■1 

.4 

.6 

112.6 

117.2 

May 21 

lOOlf 

SE 

I 4 

— 

9.9 

9.9 

5.0 

-.1 


mmmi 

115«9 

May 21 

llif 2 

SSE 

16 

- 


6.1 

1.5 



umiQi 

ion 

May 21 

1228 

SSE 

16 


14.8 

6.1 

2.8 

— 

— 



May 21 

1500 

SSE 

Ilf 

25 

12.9 

5.4 

2.6 

- 1.0 



BSH 




Ilf 

25 

12.9 

5.4 

2.0 

mm 

■S 

113.5 

126.4 


jjj^^ 

SSE 

12 

— 

11.1 

4.6 

Bll 

— 

Hi 


iBai 



SSE 

15 

— 

13.9 

H9EI 

■ai 

— 

BBi 

IQQI 

Bai 


■Bai 


15 

— 

13.9 


■ai 

— 

B9 


BBI 


IBSi 


16 

— 

11.5 

11.3 

.9 

Bail 

n 

105.7 

117.0 



HQI 

16 

-- 

11.5 

11.3 

2.9 

BBli 

Bll 

100.8 

BB| 

May 21 

1728 


16 

-- 

11.5 

11.3 

2.6 

— 

— 

105.9 

Bail 

May 21 

1750 

ss 

16 


11.3 

11.5 

2.1 

— 

— 

100.1 

mm 

May 21 

1755 

SE 

16 

— 

11.3 

11.3 

aai 

— 

— 

102.4 

113.7 

May 21 

1805 

SE 

12 

— 

8.5 


■ai 

.2 

-.1 

100.1 

108.6 

May 21 

1807 

SE 

12 

— 

8.5 

8.5 

4.8 

— 


101.5 


May 21 

1815 

SE 

12 

— 

8.5 

8.5 

4.8 

— 

— 

112.8 

iml 


^Positive values Indicate head wind. 

Positive values Indicate roll toward first wheel to touch. 
^Positive values indicate right ‘bank. 



































































































®Po*ltlTe raluje» indicate head irlnd. 

^oaitlTB Talnea Indicate roll toward firmt wheel to touch. 
®PoaltlTC ralue* Indicate right hank. 
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TABLE II.- Continued 
VAIIJB3 OF COBTACT COHDITIQNS AND OTHER 
PERTINEHT DATA FOR LANDINGS 


Date 

of 

landing 

Time 

of 

1 RntUng 

Wind 

direction 

Wind 

velocity, 

n^h 

Maximum 

gust 

velocity, 

mph 

Parallel 

wind 

component, 

jsroh 

(a) 

Crosswind 

component, 

ji^h 

Sinking 

speed, 

fps 

Rolling 

velocity, 

deg/sec 

X^) 

Bank 

angle, 

deg 

(e) 

Forward 

ground 

speed, 

ii^h 

Airspeed, 

ji^h 

May 28 

lOlfO 

S 

16 

51 

16.0 

0 

2.1 

— 

— 

96.8 

112.8 

May 28 

1053 

s 

16 

51 

16.0 

0 

2.4 

-.2 

.9 

107.0 

125.0 

May 28 

1255 

WBW 

14 

— 

5.4 

12.9 

4.1 

2.1 

1.6 

104.8 

110.2 

May 28 

1358 

SSW 

14 

— 

12.9 

5.4 

1.9 

— 

— 

123.8 

136.7 

May 28 

1500 

SSW 

l 4 

“ 

12.9 

5.4 

5.3 

— 

— 

130.0 

142.9 

May 28 

1538 

SSW 

l 4 

— 

12.9 

5.4 

3.0 

-.6 

.4 

112.6 

125.5 

May 28 

1600 

s 

I 4 

— 

14.0 

0 

1.5 

-.8 

.3 

98.5 

112.5 

May 28 

1616 

s 

14 

— 

14.0 

0 

2.9 

-5 

-.4 

103.5 

117.5 

May 28 

161^3 

S 

14 

— 

14.0 

0 

.1 

— 

— 

99.1 

113.1 

June 1 

1^1 

SE 

10 

— 

T-1 

T-1 

5.1 

— 

— 

109.2 

116.3 

June 1 


BE 

10 

— 

T.l 

7*1 

1.8 

-•7 

.8 

105-7 

112.8 

June 2 

0853 

S 

28 

38 

28.0 

0 

1.6 

— 

— 

105.4 

153 

June 2 

0920 

s 

25 

— 

25.0 

0 

4.4 

— 

— 

101.4 

126.4 

June 2 

1519 

sw 

15 

— 

10.6 

10.6 

2.6 

- 1.4 

-7 

121.2 

131.8 

June 2 

lk(A- 

SW 

12 

— 

8.5 

8.5 

5.1 

— 

— 

114.7 

123.2 

June 2 

]A 36 

sw 

12 


8.5 

8.5 

2.2 

— 

— 

112.9 

121.4 

June 2 

1442 

sw 

12 

— 

8.5 

8.5 

2.2 

-.2 

.4 

117.4 

125.9 

June 5 

0928 

NNW 

Ik 

22 

; 12.9 

5.4 

3.8 

-.3 

1.1 

105.8 

118.7 

June 5 

133 ^ 

NNW 

20 

26 

i 18.5 

7.7 

2.1 

-.2 

-.8 

108.3 

126.8 

June 3 

i405 

NNW 

20 

26 

18.5 

7.7 

1.6 

.2 

-.9 

102.7 

121.2 

June 3 

1432 

NEW 

20 

26 

18.5 

7.7 

1.6 

— 

— 

105.1 

123.6 

June 3 

1511 

NNW 

20 

28 

18.5 

7-7 

3.5 

— 

— 

117.8 

136.3 

June 3 

1544- 

NNW 

20 

28 

18.3 

7-7 

.6 

.6 

2.4 

122.1 

1 

1 140.6 

June 3 

1701 

NNW 

12 


11.1 

4.6 

1.1 

— 

— 

117.5 

128.6 

June 5 

1703 

NNW 

12 

— 

11.1 

k.6 

1.6 

1.5 

- 2.8 

100.7 

111.8 

June 5 

1735 

NNW 

12 

— 

11.1 

4.6 

1-9 

0 

0 

109.7 

120.8 


®PosltlTB ralueo indicate head wind. 

^oflitlTe Talues indicate roll tovard first vheel to touch. 
Positive values indicate right hank. 
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TABLE rt.- CcBitimied 

VAUXES or ccreact caromoMS ahd other 

PBCmCSn TiATA POR LA1DIK3S 


Sate 

of 

- lairing 

Tine 

of 

landing: 

Vind 

direction 

Vlnd 

Telocliy, 

NaxlmuK 

gust 

Telocity, 

x^h 

Parallel 

wind 

coagponent, 

aqph 

(a) 

Crossvind 

coa^>onent, 

xQ)h 

sinMng 

speed; 

fpB 

filing 

Teiocily, 

deg/sec 

Bank 

angle, 

deg 

(c) 

Xorward 

ground 

speed, 

loph 


June 


0858 

X 

8 

— ■ 

0 

8.0 


0.4 

0 

,157.0 

137.0 

Ju2ie 

k 

0924 

X 

8 

• — 

0 

8.0 

1.1 

-.6 

.4 

i42.5 

142.5 

June 

k 

1029. 

X 

8 

- 

0 

8.0 

2.0 


.1 

102.5 

102.5 

June 

k 

UI7 

— 

Calm 


0 

0 

2.5 

— 

— 

119.0 

119.0 

June 

k 

1124 


Calm 

- 

0 

0 

3.2 

.9 

1-5 

111.2 

111.2 

June 

k 

u4i 

— 

Calm 

- 

0 

0 

4.2 

-.7 

-.5 

UB.l 

US.l 

June 

k 

1154 

— 

Calm 

- 

0 

0 

1*5 

-.5 

1.8 

115.6 

115.6 

June 

k 

1208 

BE 

7 

- 

5.0 

5.0 

1.6 

-1.2 

.9 

119.0 

124.0 

June 

k 

1322 

BE 

8 

— 

5.7 

5.7 

3.1 

1.4 

-.1 

UB.3 

124.0 

June 

k 

1413 

X' 

6 

- 

0 

6.0 

3.8 

-5 

.6 

118.1 

118.1 

June 

k 

1432 

X 

6 


0 

6.0 

2.4 

_ 


121.1 

121.1 

Jixne 

k 

1458 

E 

6 


0 

6.0 

3.8 

— 


115.8 

113.8 

June 

k 

1521 

E 

6 

— 

0 

6.0 

1.9 

-.7 

.3 

124.6 

124.6 

Jizne 

if 

1553 

X 

6 

— 

0 

6.0 

2.4 

-1.2 

•7 

107-2 

107.2 

June 

if 

i£03 

X8X 

10 

— 

-3.8 

9.2 

1.7 

.3 

.6 

119.5 

115.7 

June 

if 

1605 

xsx 

10 

— 

-3.8 

9.2 

2.3 

-.2 

.5 

155.6 

151.8 

June 

if 

161B 

TBPfg 

10 

— 

.3.8 

9.2 

2.3 

— 

— 

115.0 

109.2 

Jime 

if 

1622 

fiS 

10 

— 

-3.8 

9.2 

2.0 

-.5 

b 

121.9 

118.1 

June 

if 

1630 

K5E 

10 

— 

-3.8 

9.2 

3.5 

.5 

-.2 

113.0 

109.2 

June 

if 

1654 

XBX 

10 

— 

-.3.8 

9.2 

2.9 

1.2 

-1.3 

126.6 

122.8 

June 

if 

1717 

XBX 

10 

— 

-3.8 

9.2 

2.4 

-.1 

.6 

126.4 

122.6 

June 

if 

1719 

SE 

10 


-3.8 

9.2 

2.1 

.1 

-.1 

124.4 

120.6 

June 

4 

1730 

xax 

10 

— 

-3.6 

9.2 

2.7 

-.9 

-.6 

126.9 

^3.1 

Juue 

if 

1738 

XBX 

10 


-3.8 

9.2 

2.0 

.1 

-.1 

121.6 

117.8 

June 


1759 

B3X 

10 

— 

-3.8 

9.2 

2.8 

-.4 

.2 

121.3 

117.5 

June 


I4l2 

asx 

12 

— 

11.1 

. '4.6 

2.8 

— 

— 

117.8 

128.9 

June 

7 

1437 

ssx 

12 

— 

11.1 

4.6 

1.6 

.5 

1.1 

105.4 

116.5 

June 

7 

1510 

ssx 

12 

— 

11.1 

4.6 

I 1.9 

— 

— 

111.5 

122.6 

June 

J. 

1550 

ssx 

12 

— 

11.1 

4.6 

' 1.9 

— 


119.8 

130.9 

June 

T 

1604 

ssx 

12 

- 

11.1 

4.6 

1.8 

-.1 

-.1 

99.0 

uo.x 

June 

7 

1650 

ssx 

12 


11.1 

4.6 

1-5 

-9 

-.8 

IC^.O 

116.1 

June 

_7 

1710 

ssx 

18 

28 

16.6 

6.9 

1.7 

1.0 

1.3 

92.3 

108.9 

June 

_7 

1729 

ssx 

18 

28 

16.6 

6.9 

.6 

: 

— 

99.7 

116.3 


^oKitlTB TBlues Indicate head vlnd. 

^OBltlte Yalue» indicate roll toward first iribeel to touch. 
^Positlwe ralues indicate rig^t hank. 
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TABUS n.- Concluded 
VAIUES OF CONTACT C0HDITI0H5 AND OTHER 
Pi3CriNEHT DATA FOR LANDINGS 


Late 

of 

landing 

Time . Wind 

of velocity, 

landing Mph 

Maximuni 

gust 

velocity, 

Parallel 

wind 

component, 

n5)h 

(a) 

Crosswind 
conq)onent , 
npli 

Sinking 

speed. 

Rolling 

velocity, 

deg/sec 

(b) 

Bank Forward 
angle, ground 
deg speed, 

(c) niph 

Airspeed, 

nph 

June 

8 

Q^l 

S 

Ik 

25 

lll-.O 

5*^ 

1.2 

0.5 

-0.5 106.1 

120.1 

June 

8 

1000 

s 

20 

28 

20.0 

0 

3.2 

1.0 

.1 99.0 

119.0 

June 

8 

1150 

s 

i6 

30 

l6.0 

0 

2.8 

.6 

-.2 98.9 

114.9 

June 

8 

1202 

s 

ik 

30 

llf.O 

0 

^.9 

-1.2 

.9 96.0 

110.0 

June 

8 

1205 

s 

ih 

30 

1J4-.0 

0 

1.6 

.1 

.6 101.0 

115.0 
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TABLE III 


VALUES OF STATISTICAL PAEAMETERS FOR LANDING-CONTACT CONDITIONS 


(a) Sinking speed 

Number Bfaximum Mean 

Category of sinking speed, sinking speed. 

Landings ft/sec ft /sec 


All bombers Ikk 


Standard Coefficient 

deviation, a, of skewness _ 

ft/sec 




1 

Number 

Maximum 

Category 

of 

bank angle. 


landings 

deg 


(b) Bank angle 


bank angle 


Standard 

deviation. 


Coefficient 
of skewness. 


All bombers Ob 



(c) Rolling velocity 

Number Maximum rolling Mean rolling 
of velocity, velocity, 

landings deg/sec deg/sec 


Rolling 
toward first 
wheel to touch 



Standard Coefficient 

deviation, or, of skewness, 
deg/ sec 



Rolling away 
from first 
wheel to touch 


Category 


(d) Airspeed at contact 

Number Maximum contact Mean contact Standard . Coefficient 

of airspeed, percent airspeed, percent deviation, a, of skewness, 
landings above stall above stall percent above stall 


All bombers l44 



















Percent of landings 
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0 I 2345678 

Sinking speed, ft/sec 

(a) Sinking speed. 

Figure 1.- Frequency distributions of landing-contact conditions of a 
heavy bomber during daytime operational landings. 



Percent of landings 


l6 
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Bank angle, deg 

(b) Bank angle. 
Figure 1.- Continued. 



Percent of landings 
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70 
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40 
30 
20 
10 
0 

3 2 1 0 1 2 3 

Rolling velocity, deg/sec 

Rolling away Rolling In direction 

from first wheel first wheel 














Mean = 0,46 deg/sec 

- 



















4l landings 













1 
























1 


Mean = 0.65 deg/sec 

1 





















45 landings 






1 


1 






















1 
































(c) Rolling velocity. 
Figure 1.- Continued. 
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Airspeed at contact, percent above stall 


(d) Airspeed at contact. 


Figure 1.- Concluded. 


Probability 
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Sinking speedy ft/sec 

(a) Sinking speed. 

Figiire 2.- Probability curves of landing-contact conditions of a heavy 
bomber airplane during daytime operational landings. 



Probability 
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Bank angle , deg 

(b) Bank angle. 
Figure 2.- Continued. 






Protability 
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Rolling velocity, deg/sec 

(c) Rolling velocity. 


Figtire 2.- Continued. 



Probability 
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Airspeed at contact, percent above stall 

(d) Airspeed at contact. 

Figure 2.- Concluded. 
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